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(54) NONAQUEOUS ELECTROLYTE SECONDARY BATTERY CHARGING METHOD AND

CHARGING DEVICE

(57)  In a charging method for a non-aqueous elec-
trolyte secondary battery which includes a positive elec-
trode including a lithium-containing composite oxide as
an active material, a negative electrode including an al-
loy-formable negative electrode active material, and a
non-aqueous electrolyte, a voltage of the secondary bat-
tery is detected. When the detected value is smaller than
a predetermined voltage x, charging is performed at a
comparatively small current value B. When the detected
value is equal to or greater than the predetermined volt-
age x and smaller than a predetermined voltage z, charg-
ing is performed at a comparatively great current value
A. When the detected value is equal to or greater than
the predetermined voltage z and smaller than a prede-
termined voltage y, charging is performed at a compar-
atively small current value C. When the detected value
is greater than the predetermined voltage y, constant-
voltage charging is performed or charging is terminated.
Here, x<z<y.
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Description
[Technical Field]

[0001] The present invention relates to a charging method and a charger for a non-aqueous electrolyte secondary
battery induding a positive electrode induding a lithium-containing composite oxide as an active material, a negative
electrode induding an alloy-formable material as an active material, and a non-aqueous electrolyte.

[Background Art]

[0002] Secondary batteries induding a non-aqueous electrolyte (i.e., non-aqueous electrolyte secondary batteries)
such as lithium ion secondary batteries are generally charged by a method of constant-current and constant-voltage
charging. In constant-current and constant-voltage charging, charging is performed at a constant current until the battery
voltage reaches a predetermined voltage. After the battery voltage has reached the predetermined voltage, the charge
current is reduced so that the battery voltage is maintained at the predetermined voltage. When the charge current is
reduced to a predetermined value, charging is terminated.

[0003] With regard to constant-current and constant-voltage charging, Patent Literature 1 discloses the following
technique.

In constant-current and constant-voltage charging, if the charge cutoff voltage of a battery is set high, the decomposition
of the electrolyte on the positive electrode and the destruction of crystals of the positive electrode active material are
accelerated, and the cycle characteristics deteriorate. In order to avoid this, charging is performed at a large current at
the beginning of charging. The charge current is reduced immediately after the battery voltage has reached a charge
cutoff voltage. By reducing the charge current, the battery voltage is reduced. When the battery voltage reaches the
charge cut-off voltage again, the charge current is further reduced. These procedures are repeated. In such a manner,
charging is performed at a large current at the beginning of charging, and then the charge current is reduced stepwise.
[0004] Patent Literature 2 proposes the following technique.

In constant-current charging, rapid charging is performed at a comparatively large current of 1.2 to 4.0 It while the state
of charge is low. After the state of charge (SOC) is increased, charging is performed at a current of 1.2 It or less. By
doing this, the charging time can be shortened, and the deterioration in cyde characteristics can be suppressed.

[Citation List]
[Patent Literature]
[0005]

[PTL 1] Japanese Laid-Open Patent Publication No. Hei 7-296853
[PTL 2] Japanese Laid-Open Patent Publication No. 2009-158142

[Summary of Invention]
[Technical Problem]

[0006] In Patent Literatures 1 and 2, in order to shorten the charging time and to improve the cycle characteristics,
constant-current charging is performed in such a manner that charging is started with a large charge current and then
the charge current is reduced. However, there is no sufficient theoretical basis for how the controlling of the charge
current in such a manner can improve the cyde characteristics of a secondary battery.

[0007] The present inventors have conducted detailed analysis on the relationship between a state of charge and an
internal resistance of a secondary battery, by the GITT (Galvanostafic intermittent Titration Technique) method. As a
result, the inventors have found that when the above-described conventional techniques are applied, there is a possibility
that the charge polarization greatly varies in association with the state of charge, which, contrary to the intended purpose,
causes the cyde characteristics of the secondary battery to deteriorate.

[0008] On the basis of the foregoing new findings on the relationship between a state of charge and an internal
resistance, the present invention intends to provide a charging method and a charger for a non-aqueous electrolyte
secondary battery that can improve the characteristics relating to service life of a non-aqueous electrolyte secondary
battery, particularly of a non-aqueous electrolyte secondary battery using an alloy-formable active material in a negative
electrode.
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[Solution to Problem]

[0009] One aspect of the present invention is a charging method for a non-aqueous electrolyte secondary battery
which comprises a positive electrode induding a lithium-containing composite oxide as an active material, a negative
electrode including an alloy-formable negative electrode active material, and a non-aqueous electrolyte, the charging
method comprising the steps of:

(a) detecting a state of charge of the secondary battery;

(b) comparing the detected state of charge with a predetermined value X and a predetermined value Y satisfying
Y>X; and

(c) on the basis of the comparison result,

(i) when the detected state of charge is equal to or higher than the predetermined value Y, performing constant-
voltage charging or terminating charging,

(ii) when the detected state of charge is equal to or higher than the predetermined value X and lower than the
predetermined value Y, performing constant-current charging at a current value A until the detected state of
charge reaches a predetermined state of charge, or

(iii) when the detected state of charge is lower than the predetermined value X, performing constant-current
charging at a current value B satisfying B<A.

[0010] Another aspect of the present invention is a charger for a non-aqueous electrolyte secondary battery which
comprises a positive electrode induding a lithium-containing composite oxide as an active material, a negative electrode
induding an alloy-formable negative electrode active material, and a non-aqueous electrolyte, the charger comprising:

a voltage detection unit for detecting a voltage of the secondary battery;

a state-of-charge detection unit for detecting a state of charge of the secondary battery on the basis of the detected
voltage;

a current supply circuit for supplying a current from an external or internal DC power supply to the secondary battery
with changing a value of the current stepwise;

a switch for switching an electrically connected state between the secondary battery and the current supply circuit;
a judgment unit for comparing the detected state of charge with a predetermined value X and a predetermined value
Y satisfying Y>X, to make judgment on the detected state of charge; and

a control unit for controlling the switch and the current supply circuit on the basis of the judgment of the judgment
unit, in such a manner that

(i) when the detected state of charge is equal to or higher than the predetermined value Y, performing constant-
voltage charging or terminating charging,

(ii) when the detected state of charge is equal to or higher than the predetermined value X and lower than the
predetermined value Y, performing constant-current charging at a current value A until the detected state of
charge reaches a predetermined state of charge, or

(i) when the detected state of charge is lower than the predetermined value X, performing constant-current
charging at a current value B satisfying B<A.

[Advantageous Effects of Invention]

[0011] According to the present invention, the characteristics relating to service life of a non-aqueous electrolyte
secondary battery, particularly of a non-aqueous electrolyte secondary battery using an alloy-formable active material
in a negative electrode, can be improved.

[0012] While the novel features of the invention are set forth particularly in the appended claims, the invention, both
as to organization and content, will be better understood and appreciated, along with other objects and features thereof,
from the following detailed description taken in conjunction with the drawings.

[Brief Description of Drawings]
[0013]

Fig. 1 is a flowchart of a charging method for a non-aqueous electrolyte secondary battery according to one em-
bodiment of the present invention.
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Fig. 2 is a block diagram showing a schematic configuration of a charger for a non-aqueous electrolyte secondary
battery to which the charging method shown in Fig. 1 is applied.

Fig. 3 is a diagram schematically showing regions of battery voltage determined by the method shown in Fig. 1.
Fig. 4 is a graph showing one example of the relationship among a battery voltage, a charge current, and a state
of charge, when a secondary battery is charged by the method shown in Fig. 1.

Fig. 5 is a graph showing one example of a charging method employed when the internal resistance characteristics
relative to the state of charge of a secondary battery is analyzed by the GITT method.

Fig. 6 is a flowchart for explaining a charging method for a non-aqueous electrolyte secondary battery according to
another embodiment of the present invention.

Fig. 7 is a flowchart for explaining a charging method for a non-aqueous electrolyte secondary battery according to
still another embodiment of the present invention.

Fig. 8 is a block diagram showing a schematic configuration of a charger for a non-aqueous electrolyte secondary
battery to which the charging method shown in Figs. 6 and 7 are applied.

[Description of Embodiments]

[0014] Acharging method for a non-aqueous electrolyte secondary battery according to one embodiment of the present
invention is a method for charging a non-aqueous electrolyte secondary battery induding a positive electrode induding
a lithium-containing composite oxide as an active material, a negative electrode induding an alloy-formable negative
electrode active material, and a non-aqueous electrolyte.

[0015] Thischargingmethod indudes the steps of: (a) detecting a state of charge of the secondary battery; (b) comparing
the detected state of charge with a predetermined value X and a predetermined value Y satisfying Y>X; and (c) on the
basis of the comparison result, (i) when the detected state of charge is equal to or higher than the predetermined value
Y, performing constant-voltage charging or terminating charging, (ii) when the detected state of charge is equal to or
higher than the predetermined value X and lower than the predetermined value Y, performing constant-current charging
at a current value A until the detected state of charge reaches a predetermined state of charge, or (iii) when the detected
state of charge is lower than the predetermined value X, performing constant-current charging at a current value B
satisfying B<A.

[0016] As described above, in the charging method for a non-aqueous electrolyte secondary battery according to one
embodiment of the present invention, at the beginning of charging when the battery is nearly in a fully discharged state,
charging is performed at the current value B, which is comparatively small, and then, after the state of charge is increased
to a certain extent, charging is performed at the current value A, which is comparatively great.

[0017] The present inventors have conducted analysis on the relationship between a state of charge and an internal
resistance of a secondary battery by the GITT method. As a result, the inventors have found that in a secondary battery
using a positive electrode induding a lithium-containing composite oxide, the internal resistance of the battery is extremely
high when the state of charge is low, but the internal resistance drops sharply when the state of charge is increased to
a certain extent. This means that if the battery is charged at a constant current from the beginning of charge when the
state of charge is low to the end of charge when the battery is fully charged, the charge polarization greatly varies as
the internal resistance varies, causing charging irregularity (non-uniform charging). As a result, for example, the negative
electrode active material layer anisotropically expands to cause a separation of negative electrode active material, the
electrolyte is decomposed, the crystals of positive electrode active material are decomposed, or reducing gas is generated
inside the battery. Consequently, the cyde characteristics of the non-aqueous electrolyte secondary battery deteriorate.
Moreover, the internal pressure is increased, causing the non-aqueous electrolyte secondary battery to be expanded
or deformed.

[0018] Therefore, by charging a secondary battery at a comparatively small current value B at the beginning of charging
when the internal resistance in the secondary battery is high, and then charging the secondary battery at a comparatively
great current value A after the internal resistance in the secondary battery has been reduced, the charge polarization
can be prevented from varying greatly. As a result, the charging irregularity can be suppressed, which makes it possible
toimprove the cyde characteristics of the non-aqueous electrolyte secondary battery, as well as to suppress the expansion
and deformation of the non-aqueous electrolyte secondary battery due to an increase in the internal pressure.

[0019] In particular, the charging irregularity can be suppressed in an alloy-formable negative electrode active material
whose expansion rate during charging is large, which makes it possible to suppress an uneven expansion of the negative
electrode active material during charging, and thus the cycle characteristics can be significantly improved. In addition,
this makes it possible to suppress the separation of negative electrode active material from the electrode, and thus the
safety of the non-aqueous electrolyte secondary battery can be improved.

[0020] A charging method for a non-aqueous electrolyte secondary battery according to another embodiment of the
present invention further includes the steps of (d) comparing the detected state of charge with a predetermined value Z
satisfying Y>Z>X, and when the detected state of charge is equal to or higher than the predetermined value Z and lower
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than the predetermined value Y, performing constant-current charging at a current value C satisfying C<A.

[0021] As described above, the internal resistance of a secondary battery is extremely high when the state of charge
is low, and drops sharply when the state of charge becomes high. However, when the state of charge becomes higher
than a certain level, the internal resistance of the secondary battery which has dropped starts increasing again (see Fig.
5). As such, by charging at a current value C smaller than the current value A while the state of charge is higher than a
certain level, the variation in charge polarization can be minimized. As a result, more notable effects such as an effect
to improve the cyde characteristics of the non-aqueous electrolyte secondary battery can be obtained.

[0022] The state of charge of a secondary battery can be measured by detecting an open circuit voltage or a dosed
circuit voltage of the secondary battery. The predetermined value X is preferably set at a state of charge of 5 to 30%,
and the predetermined value Z is preferably set at a state of charge of 65 to 90%. The current value B is preferably set
to 10 to 60% of the current value A, and the current value C is preferably set to 10 to 75% of the current value A.
[0023] Achargerforanon-aqueous electrolyte secondary battery according to one embodiment of the presentinvention
is a charger for charging a non-aqueous electrolyte secondary battery including a positive electrode induding a lithium-
containing composite oxide as an active material, a negative electrode including an alloy-formable negative electrode
active material, and a non-aqueous electrolyte.

[0024] This charger includes: a voltage detection unit for detecting a voltage of the secondary battery; a state-of-
charge detection unit for detecting a state of charge of the secondary battery on the basis of the detected voltage; a
current supply circuit for supplying a current from an external or internal DC power supply to the secondary battery with
changing a value of the current stepwise; a switch for switching an electrically connected state between the secondary
battery and the current supply circuit; a judgment unit for comparing the detected state of charge with a predetermined
value X and a predetermined value Y satisfying Y>X, to make judgment on the detected state of charge, and a control unit.
[0025] The control unit is configured to control the switch and the current supply circuit on the basis of the judgment
of the judgment unit, in such a manner that: (i) when the detected state of charge is equal to or higher than the prede-
termined value Y, performing constant-voltage charging or terminating charging; (ii) when the detected state of charge
is equal to or higher than the predetermined value X and lower than the predetermined value Y, performing constant-
current charging at a current value A until the detected state of charge reaches a predetermined state of charge; or (iii)
when the detected state of charge is lower than the predetermined value X, performing constant-current charging at a
current value B satisfying B<A.

[0026] Embodiments of the present invention are described below with reference to the drawings.

(Embodiment 1)

[0027] Fig. 1 is a flowchart of a charging method for a non-aqueous electrolyte secondary battery according to one
embodiment of the present invention. Fig. 2 is a block diagram showing a schematic configuration of an example of a
charger to which the charging method shown in Fig. 1 is applied.

[0028] The chargerindudes a processor 12, a charging circuit 14, and a switching circuit 16. A non-aqueous electrolyte
secondary battery (hereinafter simply referred to as a "battery") 11 is set on the charger and is connected in parallel with
the processor 12 including a voltage detection unit for detecting a terminal voltage of the battery. In this state, the open
circuit voltage of the battery 11 is detected.

[0029] The processor 12 further indudes a judgment unit, such as a judging circuit, for comparing the detected value
of voltage with predetermined voltages x, y and z satisfying x<z<y, and determining in which of following voltage regions
as shown in Fig. 3 the detected value falls: the voltage region K of smaller than the predetermined voltage x, the voltage
region L of equal to or greater than the predetermined voltage x and smaller than the predetermined voltage z, the
voltage region M of equal to or greater than the predetermined voltage z and smaller than the predetermined voltage y,
and the voltage region N of equal to or greater than the predetermined voltage y.

[0030] The processor 12 further indudes a control unit for controlling the charging circuit 14 and the switching unit 16
on the basis of the judgment of the judgment unit.

[0031] An input circuit (not shown) in the charging circuit 14 and an external power supply 15 form a dosed circuit.
During the charging of the secondary battery 11, an output circuit (not shown) in the charging circuit 14 and the secondary
battery 11 form a dosed circuit by an action of the switching circuit 16. At this time, the voltage detection unit detects a
dosed circuit voltage of the battery 11. The external power supply 15 may be replaced with an internal power supply
mounted in the charger.

[0032] The charging circuit 14 can perform constant-current charging and constant-voltage charging in a switchable
manner. Further, the charging circuit 14 can perform the constant-current charging with a charge current being switched
stepwise. Specifically, the current value is switchable among comparatively small current values B and C and a com-
paratively great current value A. The current value B may be set to 10 to 60% of the current value A. The current value
C may be set to 10 to 75% of the current value A. The current values B and C may be the same, but it is preferable that
the current value C is greater than the current value B. The switching between constant-current charging and constant-
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voltage charging, the switching of the charge current, and the like are controlled by the control unit, on the basis of the
judgment of the judgment unit.

[0033] The charging circuit 14 is communicated with the above-described processor 12 including the voltage detection
unit, judgment unit, and control unit. The judgment unit and the control unit may be induded in the charging circuit 14.
In this configuration, the information on the detected voltage value is transmitted from the processor 12 to the charging
circuit 14.

[0034] The negative electrode of the battery 11 and the negative electrode terminal of the charging circuit 14 each
have the same potential as the negative electrode terminal of the external power supply 15. The positive electrode of
the battery 11 and the positive electrode terminal of the output circuit in the charging circuit 14 are connected to prede-
termined terminals 17 and 19, respectively, induded in the switching circuit 16.

[0035] The switching circuit 16 includes a charge switch for controlling the connection between the positive electrode
of the battery 11 and the positive electrode terminal of the output circuit in the charging circuit 14. When the charge
switch is tumed on, the positive electrode of the battery 11 and the positive electrode terminal of the output circuit in the
charging circuit 14 are connected to each other; and when the charge switch is tumed off, the connection is broken.
[0036] The switching circuit 16 is communicated with the above-described processor 12 including the voltage detection
unit, judgment unit, and control unit. The switching circuit 16 is controlled by the control unit, on the basis of the judgment
of the judgment unit.

[0037] When the charge switch in the switching circuit 16 is tumed on, and the positive electrode terminal of the battery
11 and the positive electrode terminal of the output circuit in the charging circuit 14 are connected to each other, the
charging unit 14 starts charging the battery 11 according to the instruction from the processor 12. The dosed circuit
voltage of the battery 11 while being charged is monitored by the processor 12. Alternatively, when the charging circuit
14 includes the judgment unit, the dosed circuit voltage of the battery 11 while being charged is monitored by the charging
circuit 14.

[0038] Among the voltage detection unit, judgment unit, and control unit in the processor 12, only the control unit may
be induded in the charging circuit 14. In this configuration, necessary information is input to the control unit from the
judgment unit and the like in the processor 12.

The processor, voltage detection unit, judgment unit, and control unit may be configured with a microcomputer, a wired
logic circuit, or the like.

[0039] The battery 11 may be a lithium ion secondary battery using a lithium-containing composite oxide as a positive
electrode active material, and an alloy-formable negative electrode active material as a negative electrode active material.
[0040] The lithium-containing composite metal oxide used here is a composite oxide mainly containing lithium and
nickel. The lithium-containing composite metal oxide is a metal oxide containing lithium and a transition metal, or a metal
oxide in which the transition metal in the above metal oxide is partially replaced with a different element. Examples of
the different element indude Na, Mg, Sc, Y, Mn, Fe, Co, Ni, Cu, Zn, Al, Cr, Pb, Sb and B. Preferred different elements
among these indude Mn, Al, Co, Niand Mg. These different elements may be used singly or in combination of two or more.
[0041] For example, Li;CoO,, Li;NiO,, Li{MnO,, Li,Co,Nis_,,0,, Li;Co,M;_ O, Li;Ni;.z,M,,O,, Li{Mn,O,, and
LiyMn,_,M,04, where M is at least one element selected from the group consisting of Na, Mg, Sc, Y, Mn, Fe, Co, Ni,
Cu, Zn, Al, Cr, Pb, Sb and B; 0<I<1.2, 0<m<0.9; and 2.0<n<2.3, are listed.

[0042] Here, the value "I" representing a molar ratio of lithium in the positive electrode active material immediately
after production, and increases or decreases during charging and discharging. A preferred lithium-containing composite
metal oxide among these is the one represented by the composition formula: LiyNi,M,_,,O,,, where M, I, m and n are
the same as above. Further, examples of an olivine-type lithium phosphate indude LiDPO,and Li,DPO4F, where D is
at least one selected from the group consisting of Co, Ni, Mn and Fe. These positive electrode active materials may be
used singly or in combination of two or more.

[0043] Examples of the alloy-formable negative electrode active material indude silicon oxides, silicon, silicon alloys,
tin oxides, tin, and tin alloys. Among these, silicon oxides are particularly preferred. Silicon oxides are represented by
the general formula SiO,, where 0<e<2, and more preferably 0.01 <e<1. Metal elements other than silicon in silicon
alloys are preferably metal elements not alloyable with lithium, such as titanium, copper and nickel.

[0044] Next, one example of carrying out the charging method of the present invention with the charger as shown in
Fig. 2 is described below with reference to the flowchart of Fig. 1.

First, the battery 11 is set on the charger (S0). Upon setting, while the charge switch in the switching circuit 16 is tumed
off, the voltage detection unit in the processor 12 detects an open circuit voltage of the battery 11.

[0045] Secondly, the judgment unit in the processor 12 compares the detected open-circuit voltage (OCV) with a
predetermined voltage x (S1). Here, the predetermined voltage x is a voltage corresponding to a comparative low state
of charge (the predetermined value X) of the battery 11. For example, the predetermined voltage x is a voltage corre-
sponding to a state of charge (SOC) of 5 to 30%.

[0046] When the comparison result is OCV<x, the battery 11 is nearly in a fully discharged state. When OCV<x, the
processor 12 turns on the charge switch in the switching circuit 16, and sets the output from the charging circuit 14 such
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that charging is performed at a comparatively small current value B (S2).

When OCV2x, the judgment unit in the processor 12 further compares the detected value (OCV) with a predetermined
voltage z (S3). Here, the predetermined voltage z is a voltage corresponding to a comparatively high state of charge
(the predetermined value Z) of the battery 11. For example, the predetermined voltage z is a voltage of the battery 11
whose state of charge is within the range of 65 to 90%.

[0047] When the comparison result is OCV<z, namely, x<OCV<z, the battery 11 is in a moderate state of charge.
When OCV<z, the processor 12 sets the output from the charging circuit 14 such that charging is performed at a
comparatively great current value A satisfying A>B (S4).

[0048] When OCV>z, the judgment unit in the processor 12 further compares the detected value (OCV) with a pre-
determined voltage y (S5). Here, the predetermined voltage y is a voltage corresponding to a battery voltage in a fully
charged state or a state of charge of the battery 11 at which charging should be switched to constant-voltage charging
(the predetermined value Y). The predetermined voltage y is preferably a voltage within t0.05 V of a recommended
charge cutoff voltage of secondary batteries. Further, the predetermined voltage y may be a voltage within =1% of a
nominal voltage of secondary batteries.

[0049] Whenthe comparison resultis OCV2>y, the battery 11 is regarded as fully charged, and no charging is performed
(S6).

When OCV<y, namely, z<OCV<y, the state of charge of the battery 11 is comparatively high. When OCV<y, charging
is performed at a current value C satisfying C<A (S7).

[0050] During the charging at the current value B (S2), at the time when a predetermined period of time has passed
from the start of the charging, the dosed circuit voltage (CCV) of the battery 11 is detected, and compared with the
predetermined voltage x (S8). When the CCV is below the predetermined voltage X, the charging at the current value
B is continued (S2). When the CCV is or exceeds the predetermined voltage x, the charging is switched to a charging
at the current value A (S4). The step S8 is repeated every time when the predetermined period of time has passed, until
the CCV reaches the predetermined voltage x. It should be noted that the predetermined voltage x to be compared with
the OCV may be different from that to be compared with the CCV.

[0051] During the charging at the current value A (S4), at the time when a predetermined period of time has passed
from the start of the charting, the dosed circuit voltage (CCV) of the battery 11 is detected, and compared with the
predetermined voltage z (S9). When the CCV is below the predetermined voltage z, the charging at the current value
A is continued (S4). When the CCV is or exceeds the predetermined voltage z, the charging is switched to a charging
at the current value C (S7). The step S9 is repeated every time when the predetermined period of time has passed, until
the CCV reaches the predetermined voltage z. It should be noted that the predetermined voltage z to be compared with
the OCV may be different from that to be compared with the CCV.

[0052] During the charging at the current value C (S7), at the time when a predetermined period of time has passed
from the start of the charting, the dosed circuit voltage (CCV) of the battery 11 is detected, and compared with the
predetermined voltage y (S10). When the CCV is below the predetermined voltage y, the charging at the current value
Ciscontinued (S7). When the CCV is or exceeds the predetermined voltage y, the charging is switched to a predetermined
constant-voltage charging (S11). The step S10 is repeated every time when the predetermined period of time has passed,
until the CCV reaches the predetermined voltage y. It should be noted that the predetermined voltage y to be compared
with the OCV may be different from that to be compared with the CCV.

[0053] When the constant-voltage charging is completed, the battery 11 is regarded as fully charged, and the charging
is terminated (S6).

[0054] Fig. 4 shows, in the form of a graph, the relationship between a state of charge, and a battery voltage and a
charge current, when the battery is charged by following the procedures shown in Fig.1.

[0055] InFig.4,asecondary batteryis charged such thatthe battery voltage E is increased from 3.2 V (a fully discharged
state) to 4.15 V (a full state of charge). In this charging, constant-current charging is performed until the state of charge
reaches about 95%, after which constant-voltage charging is performed. In the constant-current charging, the charge
current CA is changed in three stages.

[0056] Specifically, in the range where the state of charge is lower than 30% (the predetermined value X), the current
CA is 0.3 C (the current value B); in the range where the state of charge is 30% or higher and lower than 80% (the
predetermined value Z), the current CA is 0.9 C (the current value A); and in the range where the state of charge is 80%
or higher and lower than 95% (the predetermined value Y), the current CA is 0.5 C (the current value C). In the range
where the state of charge is 95% or higher, the charge voltage is constant (4.15 V), and the current CA reduces over
time (the constant-voltage charging).

[0057] Here, the current values 0.3 C, 0.5 C and 0.9 C are current values 0.3 times, 0.5 times and 0.9 times as great
as the theoretical current value (1.0 C) at which the rated capacity of the secondary battery can be charged in one hour,
respectively. For example, provided that the rated capacity of the secondary battery is 2000 mAh, 1.0 C, 0.3 C,0.5C
and 0.9 C correspond to 2000 mAh, 600 mAh, 1000 mAh and 1800 mAh, respectively.

[0058] Fig. 5 shows, in the form of a graph, one example of the relationship between a state of charge, and an internal
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resistance R and battery voltage E of a secondary battery. The internal resistance R of the secondary battery is measured
by the GITT method.

In the measurement of internal resistance R by the GITT method, a secondary battery is charged at a comparatively
small current for a predetermined period of time, followed by interval of charging for a predetermined period of time, and
the charging and interval are repeated.

[0059] In the example of Fig. 5, a secondary battery having a capacity of 400 mAh is charged in such a manner that
charging at a current of 0.2 C (74 mA) for 20 minutes and subsequent interval of charging for 30 minutes are repeated.
Each black dot immediately below the curve representing the battery voltage E shows an open circuit voltage of the
secondary battery detected at the end of the interval of charging and immediately before resuming the charging.
[0060] The measurement of internal resistance R by the GITT method is specifically performed by using a frequency
response analyzer and measuring an AC impedance of the battery in the interval of charging, at each state of charge.
[0061] As shown in Fig. 5, the internal resistance R of the battery 11 measured as described above is extremely high
when the battery 11 is nearly in a fully discharged state, and then drops sharply as the state of charge becomes high.
In the example of Fig. 5, when the state of charge exceeds 30%, the internal resistance R drops to a value very dose
to the minimum value (0.18 Q).

[0062] As described above, the battery 11 has a very high internal resistance when being nearly in a fully discharged
state. The more nearly the battery is in a fully discharged state, the more the charge polarization is increased when such
a battery is charged at a constant current, because the charge polarization is proportional to the charge voltage. As a
result, charging irregularity (non-uniform charging) occurs, which in tum causes, for example, an anisotropic expansion
in the negative electrode active material layer. This results in a separation of the negative electrode active material,
decomposition of the electrolyte, generation of reducing gas inside the battery, and other troubles. Consequently, the
cyde characteristics of the non-aqueous electrolyte secondary battery deteriorate.

[0063] In orderto prevent these troubles, in the method shown in Fig. 1, the battery 11 is charged at the comparatively
small current value B in the range where the battery 11 is nearly in a fully discharged state (i.e., the range lower than
the predetermined value X) to suppress the increase in the charge polarization. Then, the battery 11 is charged at the
comparatively great current value A, when the battery is in a moderate state of charge in which the internal resistance
is small. By charging in such a manner, it is possible to suppress the decomposition of the electrolyte and the destruction
of crystals of the positive electrode active material in the non-aqueous electrolyte secondary battery. As a result, the
generation of reducing gas inside the battery can be suppressed. Therefore, the cyde characteristics of the non-aqueous
electrolyte secondary battery can be improved, and the deformation due to an increase in the internal pressure can be
suppressed.

[0064] As described above, the predetermined value X is preferably set at a state of charge of 5 to 30%. When the
predetermined value Xis set at a state of charge of lower than 5%, the charge current may be switched to the comparatively
great current value A, before the internal resistance of the secondary battery drops to a sufficient level. When this
happens, the variation in charge polarization cannot be minimized sufficiently, and the effect to improve the cyde char-
acteristics becomes small.

[0065] When the predetermined value X is set at a state of charge of 30% or higher, the timing at which the charge
current is switched to the comparatively great current value A is delayed, resulting in a longer charging time. As such,
by setting the predetermined value X appropriately at a value within the range of 5 to 30%, it is possible to obtain effects
such as an effect to significantly improve the cycle characteristics of the secondary battery, without increasing the
charging time.

[0066] The current value B is preferably 10 to 60% of the current value A. When the current value B exceeds 60% of
the current value A, the variation in charge polarization may not be sufficiently minimized. When this happens, effects
such as an effect to improve the cycle characteristics cannot be sufficiently obtained. When the current value B is less
than 10% of the current value A, the charge current is too small, resulting in a longer charging time.

[0067] In addition, as shown in Fig. 5, the internal resistance R of the battery 11 turns to increase again when the
state of charge reaches a certain level or higher. Because of this, in the examples shown in Figs. 4 and 5, the charge
current is switched again to the comparatively small current value C when the state of charge reaches 80% (the prede-
termined value Z). The current value C is preferably greater than the current value B. This is because, the amount of
increase in the internal resistance R when the state of charge reaches a certain level or higher tends to be small in a
non-aqueous electrolyte secondary battery using an alloy-formable negative electrode active material, as compared to
the one using the conventional carbon-based negative electrode.

[0068] The predetermined value Z is preferably set at a state of charge of 65 to 90%. When the predetermined value
Z is higher than a state of charge of 90%, the variation in charge polarization may not be minimized sufficiently. When
this happens, effects such as an effect to improve the cycle characteristics cannot be sufficiently obtained. When the
predetermined value Z is lower than a state of charge of 65%, the timing at which the charge current is switched to the
comparatively small current value C is advanced, resulting in a longer charging time. As such, by setting the predetermined
value Z at a state of charge of 65 to 90%, it is possible to obtain effects such as an effect to significantly improve the
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cycle characteristics of the secondary battery, as well as to charge the secondary battery for a comparatively short
charging time.

[0069] The current value C is preferably 10 to 75% of the current value A. When the current value C exceeds 75% of
the current value A, the variation in charge polarization may not be sufficiently minimized. When this happens, effects
such as an effect to improve the cyde characteristics cannot be sufficiently obtained. When the current value C is less
than 10% of the current value A, the charge current is too small, resulting in a longer charging time.

[0070] The charging as described above makes it possible to prevent the charge polarization from varying greatly with
the change in the state of charge. Therefore, it is possible to obtain effects such as an effect to improve the cyde
characteristics of the secondary battery. In order to more completely suppress the variation in charge polarization, it is
ideal to adjust the charge current as indicated by the curve CAt in Fig. 5.

(Embodiment 2)

[0071] Next, one example of simultaneously charging two or more non-aqueous electrolyte secondary batteries is
described.

Figs. 6 and 7 are flowcharts for explaining a charging method for two or more non-aqueous electrolyte secondary
batteries, and Fig. 8 is a block diagram of a charger. Here, the components having the same function as those in Fig.
2 are denoted by the same reference numerals as in Fig. 2.

[0072] This circuit represents a configuration used when a group of secondary batteries (two in parallel and two in
series) are charged simultaneously. Two secondary batteries 11a and 11 b connected in parallel are connected in parallel
with a first processor 12a induding a first voltage detection unit for detecting an open circuit voltage of these batteries.
Similarly, two secondary batteries 11 c and 11 d connected in parallel are connected in parallel with a second processor
12b induding a second voltage detection unit for detecting an open circuit voltage of these batteries.

[0073] A pair of the secondary batteries 11 a and 11b and a pair of the secondary batteries 11 cand 11 d are connected
to each other in series. The first and second processors indude first and second judgment units, respectively, for deter-
mining in which of the voltage regions K, M, L and N each of the detected voltage values falls.

[0074] The first and second processors 11 a and 11 b further indude first and second control units, respectively, that
cooperate with each other to control the charging circuit 14 and the switching unit 16, on the basis of the judgment of
the first and second judgment units. One control unit may be provided in either only one of the first processor 11 a or
the second processor 11 b. In this configuration, the judgment of the first and second judgment units is input into the
one control unit.

[0075] Here, the two secondary batteries connected in parallel are collectively regarded as one secondary battery. In
otherwords, in the presentinvention, two or more secondary batteries connected in parallel are handled as one secondary
battery. This means that the present invention includes a charging method and a charger for charging two or more non-
aqueous electrolyte secondary batteries connected in parallel, and does not exclude these.

[0076] Each of the first processor 12a and the second processor 12b is communicated with the charging circuit 14.
The charger of Fig. 8 has the same configuration as that of Fig. 2 except the above.

[0077] Next, another example of carrying out the charging method of the present invention with the charger of Fig. 8
is described below with reference to the flowcharts of Figs. 6 and 7.

[0078] First, the secondary batteries 11ato 11d are set on the charger (S0). Upon setting, while both the charge switch
and the discharge switch in the switching circuit 16 are tumed off, the first voltage detection unit in the first processor
12a detects an open circuit voltage of a parallel battery composed of the secondary batteries 11 a and 11 b, and the
second voltage detection unit in the second processor 12b detects an open circuit voltage of a parallel battery composed
of the secondary batteries 11c and 11d.

[0079] Secondly, the first judgment unit in the first processor 12a compares the value (OCV1) detected by the first
voltage detection unit with a predetermined voltage y (S1). When the comparison result is OCV 1>y, the parallel battery
composed of the secondary batteries 11 a and 11b is regarded as having reached a full state of charge, and no charging
is performed (S2).

[0080] When OCV1<y, the second judgment unit in the second processor 12b compares the value (OCV2) detected
by the second voltage detection unit with the predetermined voltage y (S3). When the comparison result is OCV2>y, the
parallel battery composed of the secondary batteries 11 c and 11d is regarded as having reached a full state of charge,
and no charging is performed (S2). In short, when at least one of OCV1>y and OCV2>y is satisfied, no charging is
performed.

[0081] When OCV1 <y and OCV2<y, the first judgment unit in the first processor 12a compares the detected value
(OCV1) with a predetermined voltage z (S4). When OCV 1>z, namely, z<OCV1 <y, the first processor 12a tums on the
charge switch in the switching circuit 16, and sets the output from the charging circuit 14 such that each parallel battery
is charged at a comparatively small current value C (S5).

[0082] When OCV1 <z, the second judgment unit in the second processor 12b further compares the detected value
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(OCV2) with the predetermined voltage z (S6). When the comparison result is OCV2>z, namely, z<OCV2<y, the second
processor 12b tums on the charge switch in the switching circuit 16, and sets the output from the charging circuit 14
such that each parallel battery is charged at the comparatively small current value C (S5). In short, when at least one
of z£OCV1 <y and z£OCV2<y is satisfied, charging is performed at the comparatively small current value C.

[0083] When OCV1<z and OCV2<z, the first judgment unit in the first processor 12a compares the detected value
(OCV1) with a predetermined voltage x (S7). When OCV1<x, the first processor 12a tums on the charge switch in the
switching circuit 16, and sets the output from the charging circuit 14 such that each parallel battery is charged at a
comparatively small current value B (S8).

[0084] When OCV1>x, namely, x<OCV1 <z, the second judgment unit in the second processor 12b further compares
the detected value (OCV2) with the predetermined voltage x (S9). When the comparison results is OCV2<x, the second
processor 12b tums on the charge switch in the switching circuit 16, and sets the output from the charging circuit 14
such that each parallel battery is charged at the comparatively small current value B (S8). In short, when at least one
of OCV1<x and OCV2<x is satisfied, charging is performed at the comparatively small current value B.

[0085] When OCV1>x and OCV2>x, namely, xOCV1 <z and x<OCV2<z, the first and second processors 12a and
12b tum on the charge switch in the switching circuit 16, and set the output from the charging circuit 14 such that each
parallel battery is charged at the comparatively great current value A (S10). In short, only when both of the parallel
batteries are in a moderate state of charge, charging is performed at the comparatively great current value A.

[0086] During the charging at the current value B (S8), at the time when a predetermined period of time has passed
from the start of the charging, the dosed circuit voltage (CCV) of each parallel battery is detected, and compared with
the predetermined voltage x (S11). When either one of the CCVs of the parallel batteries is below the predetermined
voltage x, the charging at the current value B is continued (S8). When both of the CCVs of the parallel batteries are or
exceed the predetermined voltage x, the charging is switched to a charging at a current value A (S10). The step S11 is
repeated every time when the predetermined period of time has passed, until both of the CCVs of the parallel batteries
reach the predetermined voltage x.

[0087] During the charging at the current value A (S10), at the time when a predetermined period of time has passed
from the start of the charging, the dosed circuit voltage (CCV) of each parallel battery is detected, and compared with
the predetermined voltage z (S12). When both of the CCVs of the parallel batteries are below the predetermined voltage
z, the charging at the current value A is continued (S10). When either one of the CCVs of the parallel batteries is or
exceeds the predetermined voltage z, the charging is switched to a charging at a current value C (S5). The step S12 is
repeated every time when the predetermined period of time has passed, until either one of the CCVs of the parallel
batteries reaches the predetermined voltage z.

[0088] During the charging at the current value C (S5), at the time when a predetermined period of time has passed
from the start of the charging, the dosed circuit voltage (CCV) of each parallel battery is detected, and compared with
the predetermined voltage y (S13). When both of the CCVs of the parallel batteries are below the predetermined voltage
y, the charging at the current value C is continued (S5). When either one of the CCVs of the parallel batteries is or
exceeds the predetermined voltage y, the charging is switched to a predetermined constant-voltage charging (S14). The
step S13 is repeated every time when the predetermined period of time has passed, until either one of the CCVs of the
parallel batteries reaches the predetermined voltage y.

[0089] When the constant-voltage charging is completed, the secondary battery 11 is regarded as having reached a
full state of charge, and the charging is terminated (S2).

[0090] Examples of the present invention are described below. However, the present invention is not limited to the
following examples.

[0091] A lithium ion secondary battery was fabricated in the manner as described below.

(1) Production of positive electrode plate

[0092] In a reaction bath with a stirrer, an aqueous solution of nickel sulfate (2 mol/L), an aqueous solution of cobalt
sulfate (0.353 mol/L), an aqueous solution of ammonium nitrate (5 mol/L), and an aqueous solution of sodium hydroxide
(10 mol/L) were put, and stirred with the stirrer. The resultant hydroxide was washed with water, dehydrated and dried,
to prepare a nickel hydroxide represented by the composition formula Nio.a5C00.15(0H)2.

[0093] The nickel hydroxide obtained in the above was mixed with lithium hydroxide such that the atomic ratio of
lithium:(nickel+cobalt) was 1.03:1, and baked at 750°C for 10 hours in an oxygen atmosphere, to synthesize
LiNij g5Coq 150, serving as a positive electrode active material.

[0094] The positive electrode active material thus obtained was mixed with carbon black serving as a conductive
agent, and an aqueous dispersion of polytetrafluoroethylene serving as a binder in a solid mass ratio of 100:3:10, and
kneaded and dispersed. The resultant mixture was suspended in an aqueous solution of carboxymethyl cellulose, to
prepare a positive electrode material mixture paste. This positive electrode material mixture paste was applied onto both
surfaces of a current collector made of a 30-pum-thick aluminum foil by a doctor blade method, such that the overall
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thickness thereof reached about 230 pm. Here, the overall thickness is a sum of the thicknesses of the current collector
and the paste applied onto both surfaces of the current collector.

[0095] After having being dried, the current collector with paste was rolled to a thickness of 180 um and cut into a
predetermined size, to give a positive electrode plate. A positive electrode lead made of aluminum was welded to a
portion of the current collector on which no positive electrode active material layer was formed.

(2) Production of negative electrode plate

[0096] A copper alloy foil (thickness 26 p.m) induding 0.03% by weight of zirconia was subjected to emboss processing
using a 50-mm-diameter emboss roll having a surface with a number of pores (i.e., circular recesses each having a
diameter of 20p. m and a depth of 8 wm), to form a current collector for negative electrode with a number of protrusions
formed on the surface thereof.

[0097] The negative electrode current collector thus formed was placed in the vacuum chamber of a commercially
available vacuum vapor deposition apparatus (available from ULVAC, Inc.), and silicon with purity of 99.9999% available
from Kojundo Chemical Laboratory Co., Ltd. was vaporized by electron beams under high vacuum. At this time, oxygen
gas was introduced at a rate of about 80 sccm. In such a manner, a column of silicon oxide was formed on each of the
protrusions of the negative electrode current collector. The amount of oxygen induded in the columns was determined
by a combustion method. The result showed that the composition of the compound forming the columns was SiOy 5.
[0098] Next, lithium metal was vapor deposited on the surface of the negative electrode active material layer. By vapor
depositing lithium metal, lithium was supplemented in the amount corresponding to the irreversible capacity stored in
the negative electrode active material layer during initial charging and discharging. The vapor deposition of lithium metal
was performed by using a resistance heating vapor deposition apparatus (available from ULVAC, Inc.) in an argon
atmosphere. Specifically, lithium metal was placed on the tantalum boat in the resistance heating vapor deposition
apparatus, and the negative electrode was fixed such that the negative electrode active material layer faced the tantalum
boat. Then, the atmosphere in the apparatus was set to an argon atmosphere, and a current of 50 A was allowed to
flow through the tantalum boat for 10 minutes. Lithium was thus vapor deposited on the surface of the negative electrode.

(3) Fabrication of battery

[0099] The positive electrode plate and the negative electrode plate produced in the above were wound with a poly-
ethylene microporous film (a separator, trade name: Hipore, thickness: 20 um, available from Asahi Kasei Corporation)
interposed therebetween, to form an electrode group. Subsequently, one end of a positive electrode lead made of
aluminum was welded to the positive electrode current collector in the positive electrode plate; and one end of a negative
electrode lead made of nickel was welded to the negative electrode current collector in the negative electrode plate.
[0100] Theelectrode group was inserted together with a non-aqueous electrolyte into a housing case made of aluminum
laminate sheet. As the non-aqueous electrolyte, a solution prepared by dissolving LiPFg at a concentration of 1.4 mol/L
in a mixed solvent containing ethylene carbonate (EC), ethyl methyl carbonate (EMC) and diethyl carbonate (DEC) in
a ratio of 2:3:5 by volume.

Next, the positive electrode lead and the negative electrode lead were extended outside of the housing case through
the openings of the housing case, and the openings of the housing case were welded while the interior of the housing
case was evacuated to a vacuum.

In the manner as described above, a predetermined number of lithium ion secondary batteries were fabricated.

(Example 1)

[0101] With respect to 30 batteries sampled at random from the above predetermined number of lithium ion secondary
batteries, a charge/discharge treatment was performed under the below-described conditions. The charge/discharge
treatment was performed while the batteries were placed in a constant-temperature bath (25°C) for charge/discharge test.
[0102] In charging, the batteries whose state of charge was 0% were subjected to constant-current and constant-
voltage charging until the state of charge reached 100%. More specifically, when the battery voltage was within the
range of 3.2V or more and less than 3.4 V (i.e., when the state of charge was within the range of 0% or higher and lower
than 30%), the batteries were charged at a constant current of 0.3 C (120 mA). When the battery voltage was within the
range of 3.4 V or more and less than 3.9 V (i.e., when the state of charge was within the range of 30% or higher and
lower than 80%), the batteries were charged at a constant current of 0.9 C (360 mA).

[0103] When the battery voltage was within the range of 3.9 V or more and less than 4.15 V (i.e., when the state of
charge was within the range of 80% or higher and lower than 100%), the batteries were charged at a constant current
of 0.5 C (200 mA). After the battery voltage reached 4.15 V, the batteries were charged at a constant voltage of 4.15 V.
When the charge current was reduced to 0.05 C (20 mA), the constant-voltage charging was terminated.
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[0104] Discharging was performed after the charged batteries have been allowed to stand for 10 minutes, at a constant
current of 1.0 C (400 mA) until the battery voltage reached 2 V.

(Example 2)

[0105] In charging, when the battery voltage was within the range of 3.2 V or more and less than 3.4 V (i.e., when the
state of charge was within the range of 0% or higher and lower than 30%), constant-current charging was performed at
0.3 C (120 mA). When the battery voltage was within the range of 3.4 V or more and less than 3.9 V (.e., when the state
of charge was within the range of 30% or higher and lower than 80%), constant-current charging was performed at 0.9
C (360 mA). When the battery voltage was within the range of 3.9 V or more and less than 4.15 V (i.e., when the state
of charge was within the range of 80% or higher and lower than 100%), constant-current charging was performed at 0.3
C (120 mA). When the charge current reached 4.15 V, the constant-current charging was switched to constant-voltage
charging.

With respect to 30 lithium ion secondary batteries, a charge/discharge treatment was performed in the same manner
as in Example 1, except the above.

(Comparative Example 1)

[0106] In charging, constant-current charging was performed at 0.7 C (280 mA) until the battery voltage reached 4.15
V, and, at the time when the battery voltage reached 4.15 V, was switched to constant-voltage charging.

With respect to 30 lithium ion secondary batteries, a charge/discharge treatment was performed in the same manner
as in Example 1, except the above.

(Comparative Example 2)

[0107] In charging, when the battery voltage was within the range of 3.2 V or more and less than 3.4 V (i.e., when the
state of charge was within the range of 0% or higher and lower than 30%), constant-current charging was performed at
1.1 C (440 mA). When the battery voltage was within the range of 3.4 V or more and less than 3.9 V (i.e., when the state
of charge was within the range of 30% or higher and lower than 80%), constant-current charging was performed at 0.3
C (120 mA). When the battery voltage was within the range of 3.9 V or more and less than 4.15 V (i.e., when the state
of charge was within the range of 80% or higher and lower than 100%), constant-current charging was performed at 0.3
C (120 mA). When the charge current reached 4.15 V, the constant-current charging was switched to constant-voltage
charging.

With respect to 30 lithium ion secondary batteries, a charge/discharge treatment was performed in the same manner
as in Example 1, except the above.

[Battery capacity evaluation test]

[0108] With respect to 10 out of 30 lithium ion secondary batteries of each of Examples 1 and 2 and Comparative
Examples 1 and 2, the above charge/discharge treatment was performed once, to measure an average discharge
capacity at this time. The results are shown in the column "discharge capacity" in Table 1.

[Charge/discharge cyde characteristic test]

[0109] With respect to the 10 lithium ion secondary batteries of each of Examples 1 and 2 and Comparative Examples
1 and 2, the above charge/discharge treatment was further performed 100 times, that is, the above charge/discharge
treatment was performed 101 times in total, to measure a discharge capacity at the 101stcycle. The average of the
percentages of the discharge capacity at the 1015t cyde relative to the 15t discharge capacity (the cyde capacity retention
rate, %) was calculated. The results are shown in the column "capadty retention rate" in Table 1.

[Battery expansion measurement]

[0110] Withrespecttoanother 10 outof 30 lithiumion secondary batteries of each of Examples 1 and 2 and Comparative
Examples 1 and 2, only the charging in the above charge/discharge treatment was performed once. In that state, the
batteries were disassembled, and the thickness of the electrode group of each battery was measured.

[0111] With respect to the remaining 10 out of 30 lithium ion secondary batteries of each of Examples 1 and 2 and
Comparative Examples 1 and 2, the charge/discharge treatment was performed until the charging at the 101st cyde of
the above charge/discharge treatment was completed. In that state, the batteries were disassembled, and the thickness
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of the electrode group of each battery was measured.

[0112] The difference between the thickness after charging of the electrode group after the charging at the 101st cycle
and the thickness of the electrode group after the charging at the 15t cyde was calculated. The average of the percentages
of the calculated difference relative to the thickness of the electrode group after the charging at the 1st cyde was calculated
as battery expansion. The results are shown in the column "battery expansion rate" in Table 1.

[0113]

[Table 1]
Discharge capacity (mAh) | Capacity retention rate (%) | Battery expansionrate (%)
Example 1 379 93 6
Example 2 379 91 10
Comparative Example 1 381 89 15
Comparative Example 2 376 86 18

[0114] Asshownin Table 1, Examples 1 and 2 and Comparative Examples 1 and 2 exhibited no significant difference
in the discharge capacity at the 15t cycle. The capacity retention rates determined upon completion of 100 cycles of
charge/discharge treatmentin Examples 1 and 2 were higher than those in Comparative Examples 1 and 2. This indicates
that the charging method of the present invention is effective in improving the cyde characteristics. Comparison between
Example 1 and Example 2 shows that the capacity retention rate in Example 1 was higher than in Example 2. This
indicates that it is effective to set the rate of reducing the charge current when the state of charge is high to be smaller
than that when the state of charge is low, in order to improve the cyde characteristics.

[0115] Further, the battery expansion rates determined upon completion of 100 cycles of charge/discharge treatment
in Examples 1 and 2 were smaller than those in Comparative Examples 1 and 2. This result indicates that the amount
of generated oxidizing gas was small in Examples 1 and 2. Comparison between Example 1 and Example 2 shows that
the battery expansion rate in Example 1 was smaller than in Example 2. This indicates that it is effective to set the rate
of reducing the charge current when the state of charge is high to be smaller than that when the state of charge is low,
in order to improve the cyde characteristics.

[0116] Furthermore, each of the batteries in the state where the charging at the 101st cycle was completed was
disassembled and observed. The result shows that in Comparative Example 2, particularly the negative electrode, or
the negative electrode active material has been expanded greatly. This is presumably because a large charge current
was allowed to flow when the state of charge was high, and the charging irregularity was increased. As the charging
irregularity is increased, the imbalance between the expansion and contraction of the active material is accelerated.
Presumably because of this, the active material was abnormally expanded.

[0117] The above results show that applying the present invention can improve the cycle characteristics of a lithium
ion secondary battery and suppress the change in shape of the lithium ion secondary battery even after a long term use.
[0118] Although the present invention has been described in terms of the presently preferred embodiments, it is to be
understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no doubt
become apparent to those skilled in the art to which the presentinvention pertains, after having read the above disclosure.
Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifications as fall
within the true spirit and scope of the invention.

[Industrial Applicability]

[0119] According to the charging method and charger of the present invention, the constant-current charging of a non-
aqueous electrolyte secondary battery is performed in two or more stages, each at a different current value, and the
current value in the first stage is set relatively small. This makes it possible to improve the cycle characteristics of the
secondary battery. The charging method and charger of the present invention are particularly suitably applicable to the
charging of a lithium ion secondary battery.

[Reference Signs List]

[0120]

11 Secondary battery
11a Secondary battery

13



10

15

20

25

30

35

40

45

50

55

EP 2 479 834 A1

11b  Secondary battery
11 ¢  Secondary battery
11d Secondary battery
12 Processor

12a First processor
12b Second processor
14 Charging circuit
15 External power supply
16 Switching circuit
17 Terminal

19 Terminal

Claims

1. A charging method for a non-aqueous electrolyte secondary battery which comprises a positive electrode induding

a lithium-containing composite oxide as an active material, a negative electrode including an alloy-formable negative
electrode active material, and a non-aqueous electrolyte, the charging method comprising the steps of:

(a) detecting a state of charge of the secondary battery;

(b) comparing the detected state of charge with a predetermined value X and a predetermined value Y satisfying
Y>X; and

(c) on the basis of the comparison result,

(i) when the detected state of charge is equal to or higher than the predetermined value Y, performing
constant-voltage charging or terminating charging,

(i) when the detected state of charge is equal to or higher than the predetermined value X and lower than
the predetermined value Y, performing constant-current charging at a current value A until the detected
state of charge reaches a predetermined state of charge, or

(iii) when the detected state of charge is lower than the predetermined value X, performing constant-current
charging at a current value B satisfying B<A.

The charging method for a non-aqueous electrolyte secondary battery in accordance with claim 1, further comprising
the steps of

(d) comparing the detected state of charge with a predetermined value Z satisfying Y>Z>X, and

when the detected state of charge is equal to or higher than the predetermined value Z and lower than the prede-
termined value Y, performing constant-current charging at a current value C satisfying C<A.

The charging method for a non-aqueous electrolyte secondary battery in accordance with claim 1, wherein the step
of detecting a state of charge indudes a step of detecting an open circuit voltage or a dosed circuit voltage of the

secondary battery.

The charging method for a non-aqueous electrolyte secondary battery in accordance with any one of daims 1 to 3,
wherein the predetermined value X is a state of charge of 5 to 30%.

The charging method for a non-aqueous electrolyte secondary battery in accordance with any one of daims 2 to 4,
wherein the predetermined value Z is a state of charge of 65 to 90%.

The charging method for a non-aqueous electrolyte secondary battery in accordance with any one of daims 1 to 5,
wherein the current value B is 10 to 60% of the current value A.

The charging method for a non-aqueous electrolyte secondary battery in accordance with any one of daims 2 to 6,
wherein the current value C is 10 to 75% of the current value A.

The charging method for a non-aqueous electrolyte secondary battery in accordance with any one of daims 2 to 7,
wherein the current value C is greater that the current value B.
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9. A charger for a non-aqueous electrolyte secondary battery which comprises a positive electrode induding a lithium-
containing composite oxide as an active material, a negative electrode induding an alloy-formable negative electrode
active material, and a non-aqueous electrolyte, the charger comprising:

a voltage detection unit for detecting a voltage of the secondary battery;

a state-of-charge detection unit for detecting a state of charge of the secondary battery on the basis of the
detected voltage;

a current supply circuit for supplying a current from an external or internal DC power supply to the secondary
battery with changing a value of the current stepwise;

aswitch for switching an electrically connected state between the secondary battery and the current supply circuit;
a judgment unit for comparing the detected state of charge with a predetermined value X and a predetermined
value Y satisfying Y>X, to make judgment on the detected state of charge; and

a control unit for controlling the switch and the current supply circuit on the basis of the judgment of the judgment
unit, in such a manner that

(i) when the detected state of charge is equal to or higher than the predetermined value Y, performing
constant-voltage charging or terminating charging,

(i) when the detected state of charge is equal to or higher than the predetermined value X and lower than
the predetermined value Y, performing constant-current charging at a current value A until the detected
state of charge reaches a predetermined state of charge, or

(iii) when the detected state of charge is lower than the predetermined value X, performing constant-current
charging at a current value B satisfying B<A.
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